scans correlate to lumbar spine BMD in cases of spinal trauma and vertebral compression fractures. 33 This modality allows for assessment of osteoporosis and fracture risk without the need for further imaging via DEXA. In degenerative lumbar spine surgery, higher HU measurements are associated with lower rates of pseudarthrosis. 34 HU measurements may also help identify osteoporosis in patients in whom the diagnosis was not established by DEXA or other modalities. 38 Identification of osteoporosis is essential in ASD surgery, to mitigate both the risks associated with the surgery and the risks of untreated osteoporosis in general. 1, 6, 8, 37 The relationship between lumbar CT HUs in ASD and DEXA-measured BMD is unknown. The purpose of this study was to evaluate the relationship between lumbar HUs and BMD in a cohort of ASD patients. These results may provide data immediately available to the physician to begin preoperative optimization and to aid the shared decision-making process in ASD.
Methods

Patient Population
After institutional review board approval was obtained, we reviewed the surgical records of a single center to identify primary ASD patients treated from 2009 to 2014. Inclusion criteria included having both lumbar CT scans and femoral neck DEXA images. Exclusion criteria included incomplete medical records, lumbar spinal instrumentation, prior cement augmentation, and previous spinal fusion.
Data Collection
All data were collected on standardized forms. Demographic data collected included age, sex, and race. DEXA records were reviewed and T-scores and BMD values (measured in g/cm 2 ) in the lumbar spine and femoral neck were recorded. CT scans were reviewed using Merge RadSuite version 8.30 (Merge Healthcare). To obtain the HU values, lumbar CT scans were reviewed according to the method of Schreiber et al. 33 These were acquired at 4 lumbar vertebrae (L-1, L-2, L-3, and L-4) for each CT scan. An elliptical region confined to the medullary canal of the vertebral body was used in 3 distinct axial cuts in each vertebra: immediately inferior to the superior endplate, in the middle of the vertebral body, and immediately superior to the inferior endplate. The average of these 3 values was used to define the mean HU value of the vertebra, and the mean of each vertebra was averaged to define the mean HU value of the lumbar spine. Sclerotic areas of the vertebral body related to degenerative changes were avoided when measuring HUs. Two independent reviewers performed these measurements. The reviewers were blinded to the individual's DEXA scores while determining the HU values.
Statistical Analysis
A sample size of 16 patients was estimated to provide 0.8 power for a correlation of r = 0.5, with statistical significance defined as p = 0.05. Patients were assessed for osteoporosis based on femoral neck DEXA-measured BMD, lumbar spine DEXA-measured BMD, and lumbar spine CT-measured HUs. Osteoporosis was defined as a BMD of < 0.76 g/cm 2 ; osteopenia was defined as a BMD of 0.76 to 0.9 g/cm 2 ; and normal was considered to be a BMD of > 0.9 g/cm 2 . For the lumbar CT scan, an HU < 112.4 was defined as osteoporosis; an HU between 112.4 and 150.1 was defined as osteopenia; and an HU > 150.1 was defined as normal. 38 The number of patients with values consistent with osteoporosis was determined for each measure.
Pearson correlation coefficients were calculated between femoral neck BMD, lumbar spine BMD, and lumbar spine HUs. Predetermined classification of correlation strengths were used where r > 0.7 was considered high agreement, r > 0.5 was considered moderate agreement, and r < 0.3 was considered poor agreement. 15 The chisquare test was used to compare counts of normal, osteopenia, and osteoporosis among the 3 measurements of BMD.
All statistical analyses were performed using IBM SPSS Statistics V23.
Results
One hundred fourteen eligible patients were identified and 48 had complete records available for analysis. The vast majority of patients were female (n = 43 [89.6%] of 48) and white (n = 47 [97.9%] of 48), compared with nonwhite (n = 1 [2.1%]). The mean age at the time of surgery was 62.1 years (range 36-83 years).
Results from femoral neck DEXA, lumbar spine DEXA, and lumbar spine CT scans are shown in Table 1 . The bone health status of patients, as defined by the different imaging modalities, is shown in Correlations between lumbar spine CT HU, lumbar spine DEXA, and femoral neck DEXA measurements are shown in Table 3 . There was a low-moderate correlation between lumbar spine CT and lumbar spine DEXA measurements (r = 0.463, p < 0.001), and there was poor correlation between lumbar spine CT and femoral neck DEXA measurements (r = 0.303, p = 0.036).
Discussion
As the population ages the prevalence of ASD, and ASD surgeries, rises. There is mounting evidence that bone health is one of the most important factors related to Values are presented as mean ± SD.
successful ASD surgery due to the relationship with perioperative complications. BMD is directly related to the ability of screws to resist pullout, and it predicts postoperative instability and fracture risk; low BMD may be a risk factor for developing pseudarthrosis. 12, 17, 21, 30, 35, 36 However, despite increasing awareness of the importance of bone health in the success of spinal fusion, Wagner et al. found that in patients in whom osteoporosis was retrospectively diagnosed at the time of surgery, 64% had not undergone any preoperative evaluation or workup. 38 Thus, there is a unique and mandatory opportunity to screen patients being considered for ASD surgery for the diagnoses of osteopenia and osteoporosis. There is debate as to whether DEXA is the best imaging modality for diagnosing osteoporosis. DEXA scans are 2D and measure the density-per-area (grams/square centimeter), but are unable to measure the volumetric density (grams/cubic centimeter) of bone. 20 Additionally, degenerative changes and structures overlying the spine (e.g., aortic calcifications) lead to false elevations in lumbar DEXA measurements and false-negative results. 20 Quantitative CT scanning has been proposed as an alternative modality for diagnosing osteoporosis. Advantages of CT over DEXA include true volumetric measurement of the bone, isolation of trabecular bone measurements (which are more sensitive to monitoring changes with disease), and better identification of fragility fractures.
3,4,20,40 However, higher radiation doses and a lack of longitudinal data showing how CT predicts fracture risk have precluded its widespread clinical use.
Given the lumbar changes and morphological abnormalities in patients with ASD, femoral neck DEXA remains the most widely used modality for diagnosing osteoporosis in clinical practice. HUs on lumbar CT scans are an opportunistic screening tool in patients undergoing spine surgery, as they have shown strong correlations with BMD, T-scores, and vertebral compressive strength. 19, 32, 33 Additionally, significantly higher HU measurements have been found in patients with successful lumbar interbody fusion, 34 and significantly lower HU measurements have been observed in patients with adjacent-segment fracture after fusion. 22 In the present study of ASD patients, we did not find lumbar CT HU measurements to be an effective screening tool for low BMD. The correlation between lumbar HUs and femoral neck BMD was poor (r = 0.303). Not surprisingly, the correlation between lumbar HUs and lumbar BMD was higher (r = 0.463). A greater number of patients were diagnosed with osteopenia when using the Wagner et al. compared lumbar CT HUs to DEXA scans and established that patients with HUs of less than 150 should be referred for further evaluation and treatment of osteopenia or osteoporosis before surgery. 38 However, in our spinal deformity population, using the cutoff of 150 HUs would have identified 81.3% of our patients as having normal BMD, while femoral neck DEXA identified only 43.8% as having normal bone health. A similar number of false-negative results would be achieved using lumbar spine DEXA scans (75% recorded normal BMD). Thus, relying solely on the lumbar CT HU measurements in our population would have missed an additional 37.5% of patients who may have benefited from preoperative bone health evaluation and optimization.
While the opportunistic CT scan to assess for bone health is a convenient tool in patients undergoing spinal fusion surgery, it does not appear to be useful in an ASD population. This study reinforces the importance of utilizing established recommendations and protocols for evaluating and treating bone health abnormalities in this population. The National Osteoporosis Foundation recommends that DEXA scans be obtained in all women over 65 and in men over 70 years of age (regardless of clinical risk factors), in younger peri-and postmenopausal women, in men 50-69 with clinical risk factors for fracture, in adults who have had a fracture after the age of 50, and in adults with a condition (e.g., rheumatoid arthritis) or taking a medication (e.g., glucocorticoids) associated with low bone mass. 9 Limitations of this study include the retrospective design. A substantial portion of the eligible patients did not have data for analysis. While the study is powered to answer the study question, selection bias may affect the availability of data and our cohort may not be representative of ASD patients. A consecutive series of ASD patients could offer improved, generalizable conclusions. Furthermore, our study population is largely white females, and, while this reflects most ASD practices, the conclusions may not be true for males or other races. DEXA scans may have been obtained in individuals for whom there was clinical concern only. While a limitation, this bias may have encouraged the diagnosis of osteopenia or osteoporosis, which was not the case. We have investigated only patients with lumbar ASD, and the findings here may not be consistent with those of other adult deformities, including iatrogenic deformity. The absence of a control group without spinal deformity may be seen as a limitation, but those correlations have previously been established, and we have followed previously published HU measurement techniques. 33, 38 Similarly, the choice of 150 HUs as a cutoff for "normal" is a diagnostic value; an "opportunistic screen" may require a lower threshold for diagnosing osteopenia/osteoporosis. Finally, the association between lumbar HU measurement and perioperative complications related to bone quality has not been assessed. A cohort of CT-diagnosed and DEXA-confirmed patients with osteoporosis may help elucidate the clinical utility of "opportunistic" BMD measurements.
Conclusions
While measuring HUs on lumbar CT scans can be an alternative method by which to assess BMD in patients undergoing spinal fusion surgery, it may not be an effective tool in the primary ASD population. Preoperative evaluation and optimization of bone health are essential aspects of ASD care. Surgeons should follow established protocols and National Osteoporosis Foundation recommendations as part of the preoperative care of patients in these complicated cases.
